Abstract -All field studies have unequivocally reported significant reductions in dental caries occurrence associated with the use of chewing gum containing xylitol. No other xylitol products besides chewing gum have so far been tested in field trials. A 5-year follow-up study with 2-or 3-year xylitol consumption periods began in Estonia in 1994 with 740 10-year-old children in 12 schools at baseline examinations. For the study, 3 clusters each including 3-5 schools were formed on the basis of baseline caries experience. The products were used under the supervision of the teachers 3 times per day during school days but not during weekends or during the 3-month summer holiday. The daily dose of xylitol was 5 g in all groups. The children were examined every year in September by two experienced
The results suggest that not only xylitol chewing gum but also xylitol candies are effective in caries prevention, and that a school-based delivery system seems to Submitted 23 November 1998; accepted 13 offer a practical way to distribute and control the use of the xylitol products. October 1999 Several field studies have reported that caries occurrence figures have significantly decreased in association with the daily use of xylitol-containing chewing gum (1) (2) (3) (4) (5) (6) . No contradictory results have been reported. Chewing gum has been understood to be an ideal vehicle for transporting xylitol into the mouth because it is assumed that in this way xylitol can stay in the mouth long enough for the beneficial effects. In addition, the chewing effect itself increases saliva stimulation and improves the buffering capacity of the saliva. In fact, although it is very difficult to separate the effects of xylitol itself from the effects of the saliva stimulation, a considerable part of the caries preventive effect of the xylitol chewing gum has been attributed to the chewing effect (7) . Chewing gum, however, also has some unfavorable properties, such as problems with waste, the fact that chewing gum is an unac-ceptable habit in some societies, and difficulty in chewing due to poor dentition. To eliminate these obstacles, it is therefore also of interest to find other ways of using xylitol to prevent dental decay. No studies assessing the caries-preventive effect of xylitol candies have been published so far.
The use of xylitol chewing gum is today recommended in Finland and many other countries as a ''smart habit'', on an individual level. Studies analyzing the use of xylitol from a community perspective are lacking at present. From an economic point of view, xylitol may offer interesting possibilities in caries prevention for public health care because no professionals, no long-term education of personnel, and no specific facilities or chair-side time are needed for the prevention system based on the delivery of xylitol products. On the other hand, because of the relatively high price of xylitol, it is important to find optimal products, doses, frequencies, as well as optimal timing and length of the use, combined with an efficient, reliable and cheap delivery system for the preventive agents.
The present study was governed by two considerations: 1) if the caries-preventive effect of xylitol chewing gum is not based on the chewing effect only, then other xylitol products could also reduce the caries attack figures; 2) if caries can be efficiently prevented without chair-side time, specific equipment and extensive participation of health care personnel, the costs of caries prevention could be reduced.
The aim of the present study was to test the caries-preventive effect of xylitol candies in schoolchildren with erupting permanent teeth.
Material and methods
Estonia is a small democratically governed Baltic country which regained its independence in 1991. Estonia has about 1.5 million inhabitants, comprising 1 million Estonians and almost half a million of Russian origin. The population is well educated and the economic situation, which was weak during the Soviet period, is improving rapidly. In spring 1994, a total of 12 schools in four towns: Tallinn, Tartu, Võ ru and Elva, with 740 fourth grade children born mainly in 1984, participated in the study. Tallinn is the capital of Estonia situated at the Gulf of Finland, and the three other towns are located in southern Estonia. The study plan was accepted by the Estonian Ministry of Health, the Medical Faculty of the University of Tartu, and the local health authorities in all participating cities.
According to a common tradition in caries studies, the 10-year-old age group was selected for the present study because most second molars and premolars erupt at the age of 10-13 years offering a relevant tooth population for preventive measures. The school principals, teachers and dentists working at the participating schools did not know which other schools in Estonia were involved in the study; nor did they know which preventive methods were being tested elsewhere. A personal letter explaining the study was sent to all families with children in the participating school classes. All the teachers of these classes also received an informative letter. Because xylitol is still relatively unknown in Estonia, the local dentists serving at public health care gave talks about xylitol in the participating schools before the start of the use of xylitol. Three children refused to participate at baseline without giving any explanation, and an additional two children did not want to participate due to diabetes.
Mathematical formulas exist for estimating the sample sizes needed. The number of subjects needed depends, among other factors, on the expected differences between the study groups. On the basis of earlier xylitol field studies, we estimated that our groups were large enough for the results in the xylitol chewing gum groups to be on the same level as in earlier field studies. We had, however, no information about the possible changes in caries occurrence figures in groups using xylitol candies. We estimated that our candy groups were large enough to reveal the possible differences in statistical tests if the reduction in caries occurrence figures in candy groups were about half of the reduction in the xylitol gum groups. In long-term field studies, it is very important to find the original subjects every year for the clinical examinations. In Estonia, there are no data about the participation rates of the children in clinical studies. In addition, it was impossible to predict whether the new independence of Estonia, after the collapse of the Soviet Union, would result in the migration of families inside the country. These kind of problems are well expressed by Miettinen: "There is no escape from the reality that the size of a study ... cannot be optimized, statistically or otherwise. One is left to choose the size judgmentally... " (8) .
On the basis of information from earlier field trials with xylitol elsewhere, we wanted to get a total of about 800 participating children at baseline: 200 controls, 200 children using xylitol chewing gum for 3 school years, and about 400 children using xylitol candies. One hundred of the latter group were to use candy number 1 for 2 years, 100 the same candy for 3 years, 100 were to use candy number 2 for 2 years, and finally, 100 were to use candy number 2 for 3 years. Due to differences in class sizes between the participating schools, the true figures at baseline differed a little from the planned ones. During the study years, some attrition in participation did occur (Table 1) .
Exact epidemiological data describing the occurrence of dental decay was missing, but it was known beforehand that there are large differences in caries figures between different parts of Estonia. The occurrence of dental decay among children is high in southern Estonia and also quite high in the capital region of Tallinn, but it is relatively low in Tarto where the soil contains more fluorides than in the other towns included in the present study.
To ensure comparable groups on all levels of caries occurrence, the schools in Tallinn were combined into one cluster, the schools in Tartu into another cluster, and the three schools located in southern Estonia, Võ ru and Elva, into the third cluster. The school classes were randomly assigned within these areas to control, xylitol chewing gum and xylitol candy groups. In Võ ru and Elva, however, we left the chewing gum group out, as only 3 school classes were participating. As a result, we had three control school classes: one in Tartu with good dental health, another in Tallinn with medium dental health, and a third one in Võ ru with poor dental health at baseline. One school class using xylitol chewing gum was located in Tartu, and another in Tallinn. In all, seven classes used xylitol candies. The two candy groups were randomly assigned within each cluster so that both candies were used in all three areas. In Tallinn we had five participating schools. After the random selection of the control and chewing gum schools, we had three schools left. Because one of these schools was large and the two others had fewer pupils, we assigned the largest class to one candy group and the two remaining classes to the other candy group. The xylitol candy packages were marked with code numbers and were not all opened because the follow-up is still continuing. The study between the two types of candies was, therefore, a doubleblind study. One of the candies is a xylitol-maltitol mixture with 49% xylitol, and the other a xylitolpolydextrose mixture with 49% xylitol. The chew-220 ing gum XyliFresh, (Leaf B.V., Turku, Finland) sweetened only by xylitol (65% w/w), has been commercially available for some years. We used the same gum which gave the best results in caries prevention in the Belize study (6) . The xylitol-maltitol candy XylitolPlus (Leaf B.V.) has also been commercially available for many years. The xylitolpolydextrose candies were produced for the study by the Leaf Company. In all groups the daily dose of xylitol was 5 g, which equalled six pieces of chewing gum or eight candies. The products were only given to the children by the teacher on school days during school hours: two candies or pieces of gum in the morning, two pieces of gum or three candies after lunch, and two pieces of gum or three candies before the children left school. The products were consumed under the supervision of the teacher, who was also responsible for keeping the products in a safe place. The chewing time was 10 min for chewing gum. After 10 min, the gum was collected and put in a disposal basket. It took approximately the same time for the candies to disappear from the mouth. It was not possible to give the children any extra candies or chewing gum. No products were given on Saturdays or Sundays, or during holidays, including the 3-month summer holiday. No products were given in cases of occasional absences from school. The average number of days with xylitol was therefore slightly less than 200 per 9-month school year. The two schools using chewing gum continued using gum for 3 school years. The use of candies was stopped after 2 years in four schools, and after 3 years in the remaining three schools. The control groups received no xylitol products and no additional prevention outside the routine local measures given to all of the participants by the local dental staff. Xylitol-sweetened products are still quite rare and expensive in Estonia, and voluntary use of these products does not happen very often.
All the children were examined by the two first authors (PA and PI) at the local school dentist's offices in an ordinary dental chair using a sharp explorer and mouth mirror. The examinations took place every year in September during school hours. The examiners did not know the results from the earlier examinations. Due to moving, there were some new pupils -2%-10% annually -not belonging in the original study groups but participating in the 2nd, 3rd, and 4th year clinical examinations in all classes. The total number of children examined was 740 at baseline, 735 after 1 year, 745 after 2 years, and 705 at the last examination.
For inter-examiner analyses, a randomly selected group of 20-30 consecutive children was examined every year by both examiners without knowing the observations of the other clinician. The total number of these children was 75. The disagreement percentage between the examiners was 2.5%. The kappa coefficient was 0.877, and the intraclass correlation coefficient of reliability 0.975, all indicators showing excellent agreement between the examiners.
Dental caries was recorded according to the definitions of WHO (9) . Healthy surfaces as well as initial carious lesions without clinically detectable loss of substance were coded as 0, enamel caries with loss of substance as 1, dentinal caries calling for a filling as 2, and deeper cavities with probable pulpal involvement as 3. No X-rays were taken. To increase the reliability of the data, only surfaces coded with 2 or 3 were included in the statistical analyses. The statistical comparisons between groups were carried out by applying analysis of covariance, with 3-year DMFS increment as the dependent variable, and age, gender, examiner, and baseline DMFS score as covariates. The comparisons of groups were carried out separately within each area. In addition, a comprehensive analysis, where the area was controlled, was performed defining contrasts between the groups. Statistical computing was carried out with CSS: Statistica program (10).
After 3 years, a total of 567 children, 262 boys and 305 girls who had participated in the first and the last of four consecutive examinations, 75% of the original groups, were available for clinical examinations. Only these subjects were included in 221 the calculations and statistical analyses. The main reason for non-attendance was moving from the school or from the class or absence from the school on examination days, mostly due to sickness. In the cases of absence from school, 20-30 children were seen every year later by their own school dentist who examined the children and made the registrations according to written instructions. None of the participating children had any claims against the xylitol products but four children had tired with the regular use, and had stopped using the products during the study years.
Results
The main finding was that inside each area cluster, the caries increment figures in the control groups were statistically significantly higher than in the xylitol groups. The differences between xylitol chewing gum and xylitol candy groups were nonsystematic. Regardless of gender, area or length of the xylitol consumption period, there were no trends between the annual increment figures in the xylitol groups. Therefore, we did not carry out any statistical tests between the xylitol groups. (Tables  2 and 3 ). Both candies showed 33%-59% caries reduction as compared with the control groups. The reduction in the chewing gum group was 53.5%.
Discussion
A randomized controlled study is usually understood as the most powerful study design. From a theoretical point of view, randomization on group level is not weaker than randomization on individ- ual level. However, the danger of unsuccessful randomization is higher if the number of randomized units is small. For practical reasons, we could not randomize the children on an individual level but had to use the school classes as clusters. Because children are very interested in getting the xylitol products, one simply cannot assign some children in the same classroom into the control group. It was also necessary to use the same xylitol product for the whole class to prevent either pupils or teachers exchanging products between children. Neither could we randomize the school classes freely but first had to match the schools according to the assumed caries occurrence figures in the studied area to prevent the possibility of a random grouping resulting in too large differences in earlier caries experience between the groups to be compared. Another reason for this area cluster formation was that we had reason to doubt that there might be some difference in the children's access to dental treatment during the study years. Because it was possible to apply a double-blind design between the two candies, we do not yet know which groups used xylitol-maltitol candies and which groups used xylitol-polydextrose candies. The classification of the schools into different study groups seemed to be quite successful. After 3 years, there were enough subjects in all areas and 222 the means of the DMFS indices of the pooled groups at baseline were also similar.
Due to practical difficulties such as the limited time for examinations, it was not possible to test the intra-examiner variation in the present study. Both the kappa statistic, 0.877, and the intraclass correlation coefficient 0.975 suggest that the interexaminer variation was very small and did not bias the results. The intraclass correlation coefficient was also calculated because kappa statistics can be unreliable in cases with high numbers of caries-free teeth or surfaces. The examiner effect was also controlled for in the statistical analyses.
During the study years, we did not interfere with the local health care system. The children were examined and treated during the study years according to the same local routines as before the study. The variation in dental care was, however, quite small inside each area cluster. It was not possible for us to control the possible differences in treatment decisions or availability of care and prevention between all the schools. This methodological problem is always present in community trials. Even if examiners show ideal agreement in their own registrations, they have to accept the fillings made by local uncalibrated dentists during the study years as a part of the DMFS index. Unfilled cavities can also affect the number of new decayed surfaces if not eliminated in a similar way in all schools. We excluded enamel carious lesions from the comparisons because we wanted to increase the reliability of the results. During the study, we had to use about 15 different dental units equipped with different types of light.
One of the control classes with quite a low caries occurrence at baseline was a special case. This class came from the so-called ''English school'' in Tartu; its pupils were socially selected children. For most cases, their parents had an academic background and were working at the University of Tartu, or at some other high positions in hospitals or in state or municipal administration. It is well-known that caries occurrence is associated with socio-economical factors. Therefore, it is of interest to observe that the daily use of xylitol candies during 2 or 3 years at school was enough to equal the annual increase in dental decay between the best (English school) and the worst group at baseline ( Table 3) .
The result that caries occurrence was reduced also in the candy groups as much as in the chewing gum groups was a surprise for us. Before the study we expected that chewing gum groups would show better results than the xylitol candy groups, but this was not the case. If the results of later studies confirm that xylitol candies are comparable with xylitol chewing gum in caries prevention, it suggests that the main preventive role has to be attributed to the xylitol and not to the chewing effect alone. Sucking sweet candies also stimulates the salivary secretion. We believe that both these two factors could, at least partially, explain our results with candies. However, it is not possible to study the exact roles of the attributing factors associated with salivary secretion in field studies like the present one.
The observed reduction in caries occurrence was on a similar level with most field studies with xylitol even though there was a 3-month break during the summer holiday. As we see it, this is good news because the school-based delivery system proved to work without the participation of health care personnel. Many countries are suffering from the shortage of health care personnel, but practically all countries have a functioning school system. This means that we have a working delivery system for prevention everywhere, and health care personnel can spend their time helping patients already suffering from disease.
The almost 50% reduction in the amount of annually consumed xylitol in the present study compared with most xylitol field studies, and the fact that the 3-month summer break did not eliminate the preventive effect suggests that the dose-response ratios of xylitol are not yet known. Consequently, most earlier studies may have used overdoses of xylitol in order to guarantee a preventive effect from the biological point of view. The possible overuse of xylitol in those studies is one reason that no conclusions about the cost-effectiveness of the prevention based on the use of xylitol can be drawn from those studies. Another reason that economic calculations cannot be performed yet is that the difference between the control groups and the groups that stopped using xylitol after 2 years continued to increase during the 3rd year without the use of xylitol. This result is in agreement with the earlier study by Isokangas et al. (5) and suggests that we need post-use figures for cost-benefit analyses.
Further questions to be answered are the optimal timing and length of the use of xylitol. In the present study, the 3rd year did not improve the results from the 2-year users. This may, however, reflect only the slow progression of dental decay and does not yet allow any conclusions about the optimal length of the use of xylitol. We intend to follow the study groups 2-3 years after the termination of the use of xylitol to see whether there are differences in caries occurrence figures between the 2-and 3-year users after xylitol use has stopped.
Researchers have not succeeded in developing methods to identify caries risk subjects in time in a reliable way (11) . As we see it, for community preventive programs, the concept of risk age should be employed instead. The timing of the eruption of the teeth is well known and caries attack figures are usually highest 0-3 years after eruption. It is therefore, quite easy to organize the prevention according to caries risk age, without any individual risk assessment. This is especially true in societies with relatively high caries attack figures.
Field studies are seldom conducted under ideal circumstances. Therefore, one cannot control all possible confounders in an optimal way. In the present study, because the use of the xylitol products was supervised by the teachers all the time, we can be fairly sure that variation in the use of xylitol was very small and did not create a confounder in the present study. The possible variation in dental care in different areas may have affected the caries occurrence figures during the study years. We cannot, however, guess the direction of the possible errors inside the clusters. However, the unexpectedness of the results may suggest that possible biases favoring some of the tested prod-ucts were not created by the prejudices of the examiners. One of the main methodological problems in the present study was that a double-blind study cannot be carried out between chewing gum and candies. The examiners can be and were blinded in the present study, but the fact that the caries occurrence figures were very low in the xylitol groups may, anyway, reveal the identity of the group for the examiner after some first clinical examinations in the group. Because the many study groups were located very far away from each other, it was not possible to examine the children in mixed groups. We had, however, many children participating in the examinations but not belonging to the original study groups. These children served as blindly examined controls.
In conclusion, bearing in mind the restrictions of the study, the results seem to suggest that xylitol candies may be an effective way to prevent dental caries. A school-based delivery system seemed to work, and the 3-month break during the summer holiday did not eliminate the preventive effects. School-based use of xylitol candies and chewing gum may thus offer a possibility for a preventive system for areas with a shortage of health care resources in dentistry but with a well-functioning school system. However, for the economic analyses, longer follow-up times are needed.
